expected, while cardiac output is nearly normal."2 A decreased compliance of the total venous bed could partly explain this fact. '3 14 A direct evaluation of total vascular compliance cannot be performed in man since the measurement requires sudden arrest of the heart and rapid redistribution of blood between the arteries and veins."5 However, when the heart is beating, a positive relationship between total blood volume and central venous pressure can be established, enabling the slope of the pressure-volume relationship to be calculated.'6-In such a determination, the elastic properties of the vascular bed cannot entirely explain the pressure changes in the central veins. Secondary effects of blood volume changes on arterial hemodynamics and venous tone also contribute to variations in central venous pressure. In this case, the term "effective compliance" is used to describe the slope of the pressure-volume relationship. [16] [17] [18] The purpose of the present study is to determine the total effective compliance in sustained essential hypertensive patients and to evaluate the role of capacitance changes in the control of cardiac output and extracellular fluid volume in these subjects.
Material and Methods

Patients
The study was performed in 32 men: 14 normotensive controls and 18 sustained essential hypertensives. All patients were untreated or had discontinued their therapy at least four weeks before the study. They were hospitalized for six days and placed on a diet containing 110 mEq sodium per day.
In hypertensives, diastolic pressure was constantly equal to or above 90 mm Hg on the third day of hospitalization. Extensive investigations included blood and urinary electrolytes, catecholamine determinations, endogenous creatinine clearance anid timed intravenous urography. The where 0.73 is the volume of liquid displaced by 1 g of protein in 100 ml of plasma and pp is the plasma protein concentration in g/l00 ml. 22 The normal value of the inulin space was found to be 158 ± 5 ml/kg. It is known that inulin underestimates extracellular fluid volume,19 but this is also true for sucrose and radio-sulfate estimations. Conversely, it is well established that techniques using thiocyanate and bromide ions, which penetrate cells to a significant extent, overestimate the extracellular space.'9 In six patients, inulin space was compared to the bromide space measured according to the method of Tarazi et al. 23 Mean values were respectively 163 ± 5 and 210 ± 7 ml/kg. The correlation coefficient was 0.95. At the same time as the extracellular fluid volume measurement, total blood and plasma volumes were measured by the isotopic dilution method, using radioiodinated albumin, as previously described.'4 After withdrawal of a control sample, 3 mCi were injected. Ten minutes later, a single sample was taken for counting and volume estimations. In 20 of the 32 patients, several consecutive blood samples were taken and activity was plotted against time. The volume was calculated from the extrapolated activity at zero time. The value was lower than that obtained from the single 10 minute sample, but the difference (5 ± 3%) was not significant, so the determination with the single 10 minute sample was used as an estimation of intravascular volume in all patients. Blood and plasma volumes were expressed in ml/kg. To evaluate the ratio between plasma volume (PV) and interstitial fluid volume (IF), plasma volume was cor-rected for water content by the same factor used for inulin space.
Central Hemodynamics
On the fourth day of hospitalization, hemodynamic studies were performed after the patients had fasted overnight. Investigations were carried out with the patients in the supine position; the room temperature was between 230 Cardiopulmonary blood volume (CPBV) was defined as the volume between the right atrium and the tip of the arterial catheter. It was calculated by the Stewart Hamilton method as follows: CPBV (ml/kg) = CO (ml/sec/kg) X MTT, where MTT is the mean transit time in seconds from the right atrium to the tip of the arterial catheter. The correction for the sampling system was subtracted from the observed time in calculating MTT.2' Before the hemodynamic study, total blood volume (TBV) was remeasured, as already described. Because of the preceding determination, 6 ACi of radio-iodinated albumin were used for injection. The partition of the intravascular volume was expressed as the CPBV/TBV ratio. blood and plasma volumes (P < 0.001) and in the PV/IF ratio (P < 0.05). Table 3 indicates that normotensives and hypertensives received the same percent amount of Dextran and had similar changes in cardiac index and heart rate.
Determination of Total Effective Compliance
Total effective compliance was significantly reduced (P < 0.001) in hypertensives (1.49 ± 0.06 vs 2.08 ± 0.09 mI/mm Hg/kg in controls).
Correlation Study (table 4) Normotensive Controls Figure 2 shows a strong positive correlation (r = 0.79) between total effective compliance and plasma volume. Similar relationships were observed between compliance and the extracellular fluid volume (r = 0.84) ( fig. 2) , the interstitial fluid volume (r= 0.71) and the cardiopulmonary blood volume (r 0.65), No significant correlations were observed with the CPBV/TBV and PV/IF ratios.
Hypertensive Patients
No significant correlation was observed between compliance and fluid volumes. Compliance was correlated negatively with cardiac index (r =-0.65), the CPBV/TBV ratio (r -0.76) ( fig. 3 ), and positively with the PV/IF ratio (r 0.84) (fig. 3) . The latter correlation existed even for a constant diastolic pressure (partial correlation). A weak negative relationship was observed between the PV/IF ratio and the diastolic pressure (r = 0.59). The relationship became weaker for a constant compliance (r = 0.32).
Discussion
In comparison with normotensive controls, hypertensives had similar values for cardiac output and extracellular fluid volume but a significant decrease in total effective compliance. These results suggest that the control of cardiac output and fluid volumes was different in these two groups of patients.
Total Effective Compliance in Normotensive Controls
The value of effective compliance in normotensive controls was 2.08 ± 0.09 ml/mm Hg/kg, in agreement with Since the arterial system is an insignificant fraction of the total compliance,18 the value of effective compliance is mainly determined by the properties of the low-pressure system which holds 80-85% of the total blood volume. The pressures in this system, and especially the filling pressure of the heart, depend largely on the blood volume and the distensibility of the capacitance vessels. In normal conditions, concomitant variations in volume and compliance enable the filling pressure of the heart to be kept constant. In the present study, the strong positive relationship between compliance and plasma or total blood volume is consistent with such a control mechanism.
As demonstrated by animal experiments and by immersion in man,2'-2" the filling pressure of the heart is monitored through cardiac mechano-receptors controlling renal function, extracellular fluid volume and thirst via the autonomic nervous system.3 Thus, reduction in compliance could cause an elevation of the filling pressure with activation of the mechano-receptors and neuro-humoral mechanisms of volume control. The result of the activation of the system would be water and sodium diuresis with a reduction of all the components of the extracellular fluid compartment.3' [28] [29] [30] [31] [32] In the present study, the strong positive relationships between compliance and cardiopulmonary, interstitial and extracellular fluid volumes, could reflect this possibility. In normally hydrated subjects, such a mechanism would act without any change in the partition of fluid volumes.29
Total Effective Compliance in Hypertensives
In permanent hypertensives, total effective compliance is significantly reduced. In these patients, an overestimation of the value could result from two possibilities: (1) an increased Some results of the present study emphasize the consequences of the reduced compliance on the overall circulation of hypertensives. In contrast with normotensive controls, compliance was not correlated with fluid volumes but only with the indexes of partition, such as the CPBV/TBV and the PV/IF ratios. It is well established that decreased systemic venous compliance produces a redistribution of blood volume, resulting in a shift of blood to the central circulation, with a consequent increase in filling pressure and cardiac output. 5 In the present study, the strong negative relationship between the total effective compliance and the CPBV/TBV ratio is in favor of this mechanism. Another consequence of the reduced total compliance could be the decreased PV/IF ratio. As previously reported,23 33 the altered partition within the extracellular fluid compartments in hypertensives is due to a displacement of plasma from the intravascular to the extravascular space. This shift has been assumed to reflect an elevated capillary filtering pressure resulting from abnormalities in the precapillary sphincters or in venular distensibility.23 33 
